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SUMMARY

We have developed a portable instrument based
on the Intel 8085 microprocessor which is capable
of real-time ECG analysis on the ambulatory patient.
The 16K byte ECG analysis program uses feature ex-
traction as the basis for morphologic classifica-
tion. Up to 500 seconds of diagnostic quality ECG
waveforms are selected and stored in digital memory
to document ectopic beats and arrhythmias. When
these conditions are recognized, the patient may be
interviewed using a 20-character LED display and
pushbuttons. Hourly summary tables, R-R interval
and feature histograms, and rate trends are also
collected for transmission to a base station.
Transmissions may be made at any time without in-
terrupting analysis.

INTRODUCTION

Tape recording and subsequent analysis of the
ECG for long periods (typically 24 hours) has be-
come a widely used technique for the assessment of
cardiac arrhythmias. Certain problems inherent in
high-speed scanning of these tapes by humans have
motivated the development of computer programs
suited to the task:

1. Human interpretation is time-consuming (1-1/2
to 2 hours per tape).

2. There is a risk of fatigue-induced error, due
to the tedious nature of the work.

3. Reports are semi-qualitative in nature.

4, The cost is high, due to the requirement for
highly skilled technicians.

The use of computers for high-speed tape anal-
ysis, while addressing these problems, still suf-
fers from certain instrinsic limitations of the re-
cording process:

1 Turn-around time is still in excess of one day,
making management of unstable rhythms and drug
therapy difficult.

2, Data are inaccessible during the recording
procedure.
3. Correlations among symptoms, activities, and

arrhythmias are difficult to establish reliably.

Real-Time ECG Analysis on Ambulatory Patients

A portable instrument capable of real-time ECG
rhythm analysis and patient interaction has the
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potential to provide the physician with readily
available, quantitative reports at low cost. We
have developed a prototype of such an instrument.
It is a general-purpose microcomputer, with spe-
cialized peripherals, powered by batteries, and
packaged for use by ambulatory patients. The 16K
byte ECG analysis program is currently loaded into
RAM in the instrument from a microprocessor base
station at set-up time. ECG analysis is performed
while the patient carries the device. Results are
available at any time, without interruption of on-
going analysis, by transmitting the data via tele-
phone or hard-wired connection to the base station.

Hardware

Microcomputer

Figure 1 is a block diagram of the hardware.
The design uses the Intel 8085 microprocessor and
about 70 integrated circuits, combining NMOS for
density, CMOS for low power, and LSTTL for speed.
The 8085 is an 8-bit CPU which has an address space
of 64K bytes. We have included 1K bytes of pro-
grammable read-only memory and 48K bytes of read/
write memory.
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Figure 1: Hardware Organization

Peripherals

Ten-bit samples of the ECG are faken at 300 Hz
by a hybrid A/D converter. An eightIchannel analog
multiplexer permits multichannel ECG analysis and
software testing of battery and other system volt-
ages. (Only one ECG channel is currently used.)
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Patient interaction is handled with a display con-
sisting of twenty 1l6-segment starburst LED charac-
ters, a buzzer, and five pushbuttons. Communica-
tion with the base station takes place via an opti-
cally isolated serial port at switch-selectable
rates up to 9600 baud. The implementation of the
serial port approximates the EIA RS-232C standard.

Power

Two lithium-sulfur dioxide "D" cells supply
power to the instrument. 1In a test using an early
version of the prototype which consumed three
watts, the instrument ran for 13.5 hours on one set
of cells. Current power requirement is 1.9 watts,
and future designs are expected to lower power con-
sumption still further, making 24 hour operation
quite feasible.

Packaging

The current prototype, although not packaged
for ambulatory use, fits into about 1500 cm?3.
Prototypes under construction will permit ambula-
tory use. The use of hybrid circuits and other
technologies which become practical in commercial
applications should permit a size comparable with
that of Holter recorders.

Software

The real-time ECG analysis program identifies
beats, detects and records clinically significant
episodes, maintains statistics, conducts interviews
with the patient, and responds to requests for in-
formation via the serial port. Figure 2 is a block
diagram of the software.
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Figure 2:

QRS Detection

Software Organization

QRS detection has been implemented in software.

We have favored sensitivity over specificity, since
the computational cost of rejecting falsely detec-
ted events later on is considerably less than “that
of searching for missed events. The detector re-
quires only that the variation in amplitude exceed
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a threshold within a sliding time window. Provi-
sion is made for dynamic adjustment of these para-
meters. The detector is disabled for a short time,
AT, after each event to avoid multiple triggering.
This lock-out period is terminated when the end of
the presumed QRS complex is defined by the event
delimiter, or after 200 milliseconds, whichever
comes first. This scheme for detector lockout
thus avoids the worst shortcoming of both analog
and digital detectors with fixed lockout periods:
rejection of QRS complexes during the lockout per-
iods following artifacts which trigger the detec-
tor.

Delimiting the QRS Complex

A three-pass delimiter performs the tasks of
finding the beginning and end of the QRS complex.
The first pass estimates the amplitude of the base-
line preceding the event. The next two passes de-
limit the event by seeking relatively flat sec-
tions of the signal. In no case does the search
extend further than 100 msec before or 200 msec
after the sample on which the detector triggered.

Morphologic Feature Extraction

We regard the feature extraction process as a
means of data compression. From a representation
of the event as ten-bit amplitudes (requiring a-
bout 1000 bits), the program derives an event

vector E comprised of seven morphologic features
(requiring about 100 bits). Data compression re-
duces both storage requirements and computational
load. 1In selecting features we have used these
criteria:

1. value as descriptor
2, ease of computation

3. minimal sensitivity to measurement error and
noise.

The last criterion implies that integral measures
should be favored over differential measures. Note
that physiologic significance is not a criterion.
We use only one feature—-width--which carries even
moderately unambiguous physiologic information,

and that feature is highly sensitive to measure-
ment error. We have attempted to select an en-
semble of features which taken together suffice to
distinguish physiologically different beats. Cur-
rently, these features are:

QRS width

QRS absolute area

QRS signed area

QRS peak-to-peak amplitude

QRS width estimate (absolute area divided by
peak-to-peak amplitude)

QRS offset

A T-wave parameter

The QRS width, absolute area, peak-to-peak ampli-
tude, and offset are features which have been used
by Cox! and others. The method of Lovelace et
al.? is used to calculate the T-wave parameter.
Neither the choice of features nor the number of
features is definite at this time.






